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N presenting this paper I have tried to avoid any reference to 
I the history of aluminium or its alloys. So much has been 
written on that subject that a knowledge can be obtained 
by reference to the many textbooks written. I have tried to confine 
myself to the more practical side of the work, endeavouring to 
keep to alloys recently introduced, and to neglect those alloys 
which are familiar at the present moment to the engineering student. 
[ am first introducing what is a new, though important, alu- 
minium alloy; in order that you may have the particulars of this 
alloy early in the paper, so that in referring to-it, as we shall do 
later on, you will have the full particulars before you for com- 
parison purposes. It is thought by leading engineers, in the air- 
craft industry particularly, that this alloy is a distinct advance 
in the use of aluminium. It is the outcome of careful work done 
by Messrs. Hall and Bradbury, who have charge of the laboratory 
of Messrs. Rolls Royce, who have been issued letters patent for 
this alloy, and in conjunction with the introduction of this material 
much development work has been done by the company that I 
control. i 
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So much is thought of this material by Messrs. Rolls Royce 
that the whole of their car and aero-engine aluminium castings 
are now made of this material, and eventually it is certain that the 
forgings now used by them in other aluminium alloys will be to 
this new specification. Proof of the sterling qualities of this alloy 
is given in that the famous engine installed in the winning plane 
of the Schneider Trophy race this year, had the crankcase, cylinder 
block and cylinder head, together with the other aluminium cast- 
ings, made in this material. 

It is the most easily cast aluminium material that I have handled, 
in service the most valuable, and will, I am sure, do much to ease 
the work of the modern foundry and light alloy forge. The com- 
position of the material is given in Table I, which you will notice 
is wide, and for the various applications the elements are divided 
into four grades, one for sand and die castings for general purposes, 
one for die castings for piston service, another for forgings for 
general purposes, and a fourth for forgings suitable for high quality 
pistons. 


TABLE I. 

Per cent. 
Copper oi — we .. tod 
Nickel waa sid oa os «8eeOls 
Magnesium ... — one .. -Ltod 
Tron ... er ies ss on. eae 
Titanium ... we a .. upto 5 
Silicon nila sn seis woe 662 008 
Aluminium ... ... the remainder 


All graduations of the material are capable of strengthening by 
heat treatment. The forgings have a high temperature heat treat- 
ment, quenched and followed by an ageing process, and the castings 
by a low temperature treatment. 

Many of the heat treated cast alloys which have so far been 
introduced have the disadvantage that high temperature heat - 
treatment is necessary, so that an alloy which reaches a high 
strength by low temperature treatment does away with the disad- 
vantage that is always encountered where high temperature treat- 
ment is necessary, which is followed usually by distortion or 
cracking during quenching, and such troubles are obviated when 
quenching only follows a treatment which does not call for a higher 
temperature than 175° C. 

The minimum figures to be expected in this alloy are given in 
Table II, and they are only introduced now since they may be 
studied early, and when reference is given later on to other alloys 
they may be compared. 

In work, the casting and forging of this material are undoubtedly 
easier than in any other known aluminium alloy, though the 
machining calls for some little extra care, but I propose leaving 
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this question until later, when the whole subject will be' dealt with, 
together with other alloys. 

Having introduced the new alloy into the subject, I propose 
going over to the other alloys, leaving out entirely, except in certain 
tables, the old and commonly known alloys of which you will all 
be familiar, and to which it will be merely a waste of time to refer 
in this paper, such alloys being L.5, L.11, L.8, ete. I propose to 
concentrate on those alloys of recent growth which are gradually 
and certainly supplanting the low strength alloys. One of the 
much used casting alloys at the moment is aluminium silicon in 
its modified and unmodified forms. The factors that have entered 
into use of this material are its ease of casting, enabling thin 
sections to be cast without cracking, but this alloy. whether in the 
modified or the unmodified form has such a low proof stress as 
to be only serviceable in comparatively low stressed parts, such 
as railway carriage doors, covers, and such unimportant engineer- 
ing parts. So much has been written in recent years of the impor- 
tance of the modification process in this material that certain 
sections of the engineering industry have been persuaded to use 
this material, when a careful investigation of their requirements 
would have told them that satisfactory service for the part in 
question could have been obtained in the unmodified state at the 
saving of considerable expense. 

The modified process which is. you will be aware, an invention 
of Dr. Alidar Pacz in 1920, certainly makes for improvement. This 
treatment, for which Pacz was granted British letters patent, con- 
sists of treating the aluminium silicon alloys containing from five 
to 20 per cent. of silicon in the molten state before casting, with 
an alkaline fluoride, or a mixture containing an alkaline fluoride 
with an alkaline chloride, or it might be a substance which under 
this treatment would vield an alkaline fluoride. 

Much of the process is in the hands of chance. I, personally, 
have investigated numerous sand castings made under this process, 
and have rarely found a sand casting which throughout its body 
bas been perfectly modified. as between the thick and heavy section 
and the thin section. Even should the modification he satisfactory 
the results are stil] not so satisfactory that one would care to intro- 
duce the material for casting a stressed part. 


When dealing with gravity die casting, wherein the metal is 
held for long periods in a ladling-out furnace, one wonders why 
aluminium silicon in the modified state should be considered. since 
the very fact of holding the material for such long periods of time 
is sufficient to cause any tendency of modification to revert. A 
certain amount of modification or refining is done by the chilling 
in the die, but a better method for this process, to my mind in 
sand casting. is to avoid the hit and miss method of the present 
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system of modification, and either use a method of modification 
or an entirely new material that would, whilst giving equal ease 
of casting, also increase the proof stress, proportional limit, and 
elastic limit. whilst retaining the ductility. This, of course, sounds 
a fairly tall proposition, but the first point, namely, that of securing 
an equally easily cast alloy, but equal in modification, may be 
obtained by the introduction of cobalt and chromium in small 
quantities to the usual common aluminium silicon alloy, or an 
introduction of chromium, cobalt and tungsten. This definitely 
gives the necessary refinement to the material, and enables one 
to be able to cast the material without such a careful control of 
the modifier or the time of the melt to suit the amount of the 
modifier used. It also enables one to hold the material for long 
periods such as are necessary when using a ladling-out furnace 


in die casting, without affecting the physical characteristics of the 
material. 


This introduction of other elements to the cast gives a material 
conforming with both the Air Ministry specification DTD.25, and 
the Admiralty specification DNC/M/1 and 1A, but this method 
does in no way make the material more serviceable for the high 
strength and fatigue parts where aluminium alloys should prove 
serviceable, and it was not until the introduction of the material 
first mentioned in this paper, and of a composition as given in 
Table I, that this last object was attained. Here we have a material 
which is as easily cast as an aluminium silicon alloy. It is notably 
free from hot shortness and shrinkage cracks, has a remarkably 
high proof stress, and proves to cast densely, so that for parts 
subjected to porosity tests it is an ideal material. 


Out of the numerous parts that have been cast for the aircraft 
industry in this material, if cast correctly, | personally have not 
found the necessity of using chills. The material is very fluid in 
casting, and high temperatures in casting for thin sections can 
safely be worked to without detriment to the material. There 
are some samples before you, which are proof sufficient of the ease 
of casting in this material. The cylinder head, I think you will 
agree, speaks for itself as to how easily this material fills such a 
requirement, in that the fins are perfectly formed, and the head, 
which must withstand a porosity test of 500 Ibs. to the square 
inch, is so satisfactory that, whereas when made in 3L.11 with the 
use of an enormous number of chills the scrap exceeded 50 per cent., 
it is rarely that one is scrapped for porosity when made in this 
new material. 

The radio set casing shows how completely successfully a thin 
casting can be cast in this material. The particular part, of course. 
would be just as serviceable in any unmodified silicon alloy, although 
when made in this material it was often the experience that draws 
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occurred at the bosses, but this trouble has not been experienced 
in this new material. 

My firm have undoubtedly produced more ingots, castings, and 
forgings, in ‘ Y”’ alloy, under the name of “‘ Hiduminium ‘ Y ’” 
alloy than any other concern, and as I know that it was the inten- 
tion of your Institution in approaching me to give this paper that 
I should deal with the successful production of “‘ Y ” alloy, I must 
give some portion of the paper to this material, although except 
for forged pistons it has been largely supplanted in its applications 
by the new material referred to earlier in this paper, and known 
by the trade name of “ Hiduminium ” RR.50 alloy. 

As a casting alloy, ““ Y”’ alloy proved at first to be extremely 
difficult to handle, but after a time this was more easily cast, and 
certainly satisfied a want in the industry. 

Aircraft firms were getting so much trouble in the older alloys 
in such parts as crankcases, cylinder heads, pistons and front 
covers, that they were forced either to go for aluminium alloy 
forgings, or for a material which had a higher proof stress and 
fatigue factor. 

Unfortunately to obtain the best results in “ Y” alloy, heat 
treatment at a high temperature was necessary. The elongation, 
whether in the heat treated condition or unheat-treated condition, 
was low, but more particularly the trouble was from distortion 
occurring in the high heat treatment, or stresses in the quenching 
put into the material, which gave trouble subsequently in the 
casting. My firm, who have produced numerous successful sand 
castings which have stood the test of time have, since the intro- 
duction of the new material already referred to, preferred to cast 
in this material which, whilst in a sand casting not giving the high 
proof stress and ultimate strength of *‘ Y ” alloy in the heat-treated 
condition, gives a higher value than any other known light alloy 
casting material, with much easier casting propensities, and in the 
casting whether heat-treated or unheat-treated a comparatively 
high elongation. ‘ Y ” alloy has proved extremely serviceable to 
parts subject to high temperature, and it is certain that even with 
the introduction of this new material castings will still be called 
for in “ Y” alloy, so that it will not be out of place for me to 
mention methods that are necessary in the successful casting of 
this material. 

The ingot in the first place must be of the best quality, free from 
segregation and occluded gas. No material should be taken to 
more than 750° C. in the furnace, and castings should be cast at 
as near 680° C. as it is possible, consistent with filling the moulds. 
The time of the melting must be as quick as possible. Chills should 
be used wherever there are variations in the size of the casting, 
and the size of the chills arranged to get an even cooling of the 
casting. The metal should be introduced with as little turbulence 
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as possible, that is, runners and gates should be so arranged as to 
let the material gently into the mould. Risers should be used 
sparingly, as the material rapidly solidifies, and risers cannot be 
depended upon to fill sections where draws and cracks occur, as 
can be secured by correct applications of the chills. That is, that 
the chills cause the heavier section to cool quickly, while the thinner 
sections are still in a sufficiently liquid state to fill them as shrink- 
age take place, these sections drawing from the risers. It is neces- 
sary to strip the mould and cores as quickly as solidification has 
taken place, to avoid cracks due to shrinkage contraction. 

In “ Y ” alloy castings, where a large number of chills are neces- 
sary to obtain good results, it is necessary thoroughly to dry the 
mould, and I would recommend for the mould a 75 per cent. floor 
sand with 25 per cent. Mansfield. For heavy cores 60 per cent. 
floor sand with 40 per cent. Charlton loam, and for light cores 
thirty parts of one sea sand to one of Glyso. To obtain the full 
physical quality of ““ Y ’’ alloy, heat treatment is necessary. This 
requires that the castings should be heated to 520° C., two hours 
soaking being sufficient in the case of smaller castings, and four 
hours for the larger castings. After soaking, the casting should 
be quenched in boiling water, followed by a further heat treatment 
at 220° C. for from two to four hours, the casting being allowed to 
cool in the furnace. 

I have found that the only satisfactory way of heating the cast- 
ings to the comparatively high temperature necessary, is by the 
salt bath method, while the electric furnace is satisfactory for small 
castings or for forgings, where the difference in temperature of the 
part, due to the variation in the size of the article, is not so detri- 
mental. 

It is quite true that an electric furnace can be controlled at the 
temperature required to a high degree of accuracy, and to vary 
little over the various parts of the furnace, but it will also be appre- 
ciated that with the average large casting, the various thicknesses 
of the casting, and the fact that parts of the castings are nearer 
the walls of the furnace than others, causes uneven heating while 
taking the casting up to temperature. It is this variation, | am 
convinced, that causes so many of the troubles, such as cracks and 
distortion in the casting during treatment. My method has been 
to submerge the casting in broken frozen salt and then to heat the 
casting up to temperature. The salt, becoming liquid, surrounds 
the whole of the casting, ensures even temperature up to the tem- 
perature required, and holds it at that temperature accurately 
throughout the soaking period. 

My firm have heat-treated hundreds of castings of various sizes 
by this method, and rarely have we had any trouble due to cracking. 
but nevertheless some considerable care must be taken in support- 
ing castings thoroughly in the bath, and however careful one is, 
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a certain amount of scrap is caused during this high temperature 
heat treatment process when applied to castings. The salt used 
in the salt bath is a fifty-fifty mixture of sodium and potassium 
nitrate, and | have not found any necessity to arrange any artificial 
stirring of the salt at temperaturein orderto get evenness of heating, 
but I have definitely found that on a large bath, 8-ft. « 3-ft. x 3-ft. 
deep, a control of temperature throughout the bath of plus or minus 
two degrees is easily maintained. Needless to say, accuracy at 
temperature control is essential. We have a thermo couple perma- 
nently fastened, inserted in each bath. We run twelve of these 
large baths, and this thermo couple is connected to not only the 
indicators which are read by the men operating the furnace, but 
they are also coupled to recording indicators in the laboratory, 
which is situated some eighty to a hundred feet away from the heat 
treatment plant. No work is allowed to be taken from any bath 
until a release is obtained from the laboratory that the temperature 
during the immersion of the work has been accurately maintained. 

| had hoped to have included in this paper the various forms 
used throughout the factory. and the system used to maintain the 
accuracy of control throughout the works, but I find that there will 
not be sufficient room for it-in this paper. 

When I come to describe the methods of casting the new material, 
particular notice will be given to the entirely different methods 
used in casting, particularly than when cast in “ Y ” alloy, but also 
when casting such material as L.5, L.11 and L.8. 

Before introducing the subject of forging aluminium alloys, it 
will perhaps be better for me now to speak of the considerable 
advantages to be obtained in using the new material in casting, of 
the methods that should be used, and the time that can be saved 
in casting when using the new material. 

It is necessary on commencing a casting in this new material, 
* Hiduminium ” RR.50, that the pattern should be studied, so 
that ample provision can be made for getting large runners and 
risers well distributed. The object now is to get the metal into the 
mould as quickly as possible, and to have sufficient material in 
the runners and risers to continue feeding the casting while shrink- 
age is taking place. One need not be worried that the runner or 
risers being large will cause a draw in the casting near the runner 
or riser. It is difficult to make a general rule for runners and 
risers. Chills should not be considered as a means of overcoming 
draws without the place to be chilled is in some isolated part of 
the casting and cannot be fed. The temperature of pouring this 
material will be for the average casting, 700° to 720° C., but for 
extremely thin sections higher temperatures can safely be worked 
to. Asa means of getting over a draw, I have found that an increase 
in the temperature is an aid. overcoming the tendency in a portion 
of the casting to draw. 
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What I have just said, in that such a high temperature of pouring 
can safely be worked to, must not, of course, be taken generally. 
For example, a casting would not fill when cast at 730° C. On 
trying this at 770° C. the mould filled quite well, but indications of 
small gas inclusions were traced in the heavy centre boss. At 740° 
to 750° C. however, the castings filled in ninety-nine cases out of 
hundred, with no sign whatever of speckiness in the boss. 

A large radial aero engine crankcase casting was cast at 730° C. 
without any sign of these small blowholes. I think this speckiness 
which occurs merely as a result of pouring temperature, is governed 
by the sections of the casting, and the rapidity with which the sand 
chills them. 

In this material there is not the necessity for the same speed of 
breaking down the moulds after pouring. The majority of castings 
can be left safely in the mould for a considerable period, and I 
have found no necessity even with the most delicate castings to 
break out the core sand until the castings are practically cold. You 
will readily realise the immense saving of time and money by the 
fact that chills are not so required as when casting with ordinary 
materials, also that the moulders’ time need not be occupied in the 
unskilled part of breaking down moulds and releasing cores where 
this can be safely left to the shop labourer as he finds the time 
convenient. 

In the majority of cases the part is satisfied with an unheat 
treated casting, but for particularly highly stressed parts then the 
heat treatment should be that of heating the casting to 175° C., 
holding for at least sixteen hours, and quenching in water. -In 
casting this material all castings can safely be done in green sand 
mould. I have found that a mixture of 75 per cent. of common 
floor sand and 25 per cent. Mansfield is the best for the moulding, 
while heavy cores may be made in sixty floor sand, forty of Charlton 
loam. We usually mix a small quantity of wood sawdust with this. 
The delicate or intricate cores may be made in sea sand with a 
mixture of some good core binder such as * Glyso”’ mixed in 
proportions of one as to thirty. 

The method of casting test pieces is one that certainly calls for 
some comment. In England it is the practice in casting aluminium 
alloy to cast the test pieces in a separate chill. This is obviously 
wrong, and is no “ criterion *’ as to what the casting is like. A more 
definite indication, of course, if a separate test piece is required, 
would be to cast this in a sand mould, but here also, one might 
obtain results that are in no way like the casting. For instance, in 
casting an L.5 test piece in the sand of the shape of an ordinary 
round test bar with the flanges on the end, if one rammed the sand 
very hard and the mould was more than usually dried, with possibly 
insufficient feeding allowed, it. is conceivable that in the shrinkage 
such would be the strain on the cooled test piece that a breaking 
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stress of only three or four tons would be registered. Therefore 
it is necessary that the mould should be as lightly rammed as 
possible, and that the test piece casting should be well fed. This 
point is important, and the mode of making the test piece studied. 

On castings which are regulated by the present specification 
calling for a chill cast test piece, one gets a good idea of the quality 
of the casting by having a prolongation of the casting at one or 
two points that can be fractured for examination. 

Were I a designer of highly stressed parts, neither of the above 
methods would suit me. I would have my test pieces integral with 
all patterns, as many as I deemed necessary. They would be in 
position on the casting and of such a shape as to be under the same 
condition in casting as the part of the casting that I desired to 
test. One could then select from any casting at random test pieces, 
and have a good indication if the casting was truly serviceable. 

I do not think, generally, in the smaller foundries at any rate, 
that sufficient inspection of the virgin metals and ingot alloys 
takes place, and it is quite definite that much of the trouble one 
experiences in foundry work can be traced to this source. On 
check analysis of aluminium alloys one rarely finds differences in 
the material to the specification, but a much more important test 
of the ingot is a micro-photograph which will often disclose trouble. 
A good test also, especially for tracing occluded gas, is to take 
samples of the material and cast it into sand moulds six inches 
diameter by one inch thick, and machining the material for inspec- 
tion. The castings must obviously all be done at consistent tem- 
peratures for the materials, and the sand uniformily rammed and 
dried. 

I propose now dealing with the forging and stamping of certain 
aluminium alloys, and except for speaking of the importance to 
be exercised in the inspection of ingot after casting, I do not mean 
to deal with the actual breaking down of the ingot to the size bar 
or billet that would be purchased prior to stamping, but to confine 
myself to the work that would be done in the production forge, or 
stamp shop. 

The first step is to ensure that the ingot is sound, and you will 
see specimens of ingot showing the extreme care that is necessary 
to see that no defects are in the ingot. I have laid it down in my 
own works that every ingot, after sawing off the pipe portion, must 
be inspected. That all heavy billets for stampings that will be over 
twenty pounds in weight shall be cut cross-wise of the ingot, turned 
to a high finish, and macro etched before being released into the 
stamp shop. 

It is extremely important that the size of the dummy in light 
alloy stamping should be correctly ascertained, and this may only 
be done by making the dummy of such a size that it will fill the 
die only just prior to being finally finished to size. The forging 
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should be sectioned and etched in various vital places to see if the 
structure is desirable, and to find if the dummy has been correctly 
proportioned. 

There is also the importance of designers thoroughly understand- 
ing the difficulties of the drop stamping. If larger radii were the 
rule in drop stampings rather than the exception, it would be found 
possible to get an equally strong and rigid rod in, say, the case 
of a con rod by reducing the thickness in many cases. 

Having decided by this method that the size of the dummy is 
correct, and the number of heats necessary to form the stamping 
from the dummy, this should definitely be standardised, and in 
my works all dummies are inspected by a separate inspector before 
going to the stamper, and the number of heats to produce it laid 
down. 

To obtain the maximum stress and bring the material to a correct 
state for use, heat treatment is necessary, which in the case of 
** Duralumin ” should be done at 480° C., soaked for a time, and 
quenched in water. The alloy should then be allowed to stand 
for at least seven to fourteen days before putting into work, in 
order to give the alloy time to age harden. 

In the case of ‘‘ Y ” alloy, it should be heated to 520° C., and 
held for two to four hours, and quenched in boiling water. In 
this case the ageing process can be accelerated by artificially ageing 
at 220° C. for a period of two hours, and allowing to cool in the 
furnace. With regard to RR.50 alloy, this should be soaked at 
520° C. to 540° C., and quenched in water, followed by artificially 
ageing at 175° C. for fourteen to twenty hours, followed by quench- 
ing in water or air according to the hardness required. 

I had hoped to give a full range table for all alloys taken at 
temperature for both tensile values and fatigue values, specially 
taken at temperatures, including approximate engine running 
temperature, but I could not get them into suitable form in time. 

I am particularly indebted to Mr. John Towns Robinson, the 
chief metallurgist of high duty alloys, for the work he has put in 
by obtaining the various tests, and generally in the help that he 
has given in the preparation of this paper. Also to Mr. Joe Hand- 
forth, of Messrs. D. Napier and Son, Ltd., for having prepared and 
photographed the micro sections. In conclusion I trust that this 
small work that I have done will help somewhat in an understand- 
ing of the work that is still yet to be done in the research and 
development of light alloys before we can say that we understand 
all the characteristics. 

(The lecture was illustrated by a large number of lantern slides). 
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Discussion. 


THe CHarRMAN, Mr. R. H. Hutcurnson, after complimenting 
the author on an extremely interesting and useful paper, asked 
him to explain rather more fully just what the particular property 
of the RR.50 alloy is that enables it to be cast without chills, 
seeing that so many chills are required with “‘ Y ” alloy castings. 


Mr. J. R. HANDFoRTH, speaking as a metallurgist, said the paper 
had described the application of laboratory methods to the foundry 
but he had always felt that the production engineer regarded the 
metallurgist and his laboratory methods as a very great nuisance. 
The author, however, had proved that laboratory methods pro- 
vided the most successful means for getting the best production. 
He had known the author for three or four years, and had watched 
the wonderful progress made by his firm. It had grown in that 
time from almost nothing at all to being the second largest user 
of aluminium in this country. Not only was the author supplying 
the new material he had mentioned to aero engine and motor-car 
people in this country, but he was exporting it to France, Germany 
and America, and that in itself was a wonderful justification for 
the application of laboratory methods to production engineering. 
Having seen the author’s foundry, it was clear that all the methods 
employed in it were laboratory methods. It was surprising how 
RR.50 alloy could be cast without chills, and he himself had made 
a casting of the new material without chills, whereas in other alloys 
there would have been 140 chills. Although the new alloy would 
have its teething troubles he wished the author all the success he 
deserved—and it was very great. 


Mr. G. Mortimer remarked that the paper demonstrated how 
we have only as yet scratched the surface of the light alloy situa- 
tion. Whatever might be said now of “ Y ” alloy or silicon alloy, 
these had been definite milestones in progress. The first one brought 
out the possibilities of heat treatment, and the other quite new 
possibilities in regard to modification. Although’the elastic proper- 
ties of silicon alloys were very poor, these alloys opened the door 
to a very wide range of uses of light alloys, and he believed that 
range would be extended still farther. There was room for the 
RR.50 alloy, modified silicon alloys and heat-treatedfalloys to 
exist side by side for special purposes. An enormous tonnage of 
silicon alloys went into the Navy, because they had a very useful 
resistance to corrosion. At the same time, very few people would 
put forward a silicon alloy for conditions of very severe alternate 
stress, and he would not care to put forward a forged silicon con- 
necting rod to compete with the RR.50 alloy. One of the important 
points about the new material was the ability to do without chills 
and the time saved thereby. He would like to know if the author 
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had any comparative figures taken from actual sand castings 
in “ Y” alloy, and also in RR.50 alloy. 

Mr. A. SHEWAN asked the author whether by the methods adopted 
by him it would be safe to assume that a batch of connecting rods 
would be accurate after testing one. It seemed to him that the 
application of laboratory methods to the foundry in the manner 
described by the author must slow up deliveries. As a matter of 
fact a great many of our troubles were due to the hurry in which 
work was turned out under competitive conditions, and we seemed 
rather to have reached a new phase in that the application of 
laboratory methods must affect quotations and estimates. It 
seemed to him that users must be taught that if they want some- 
thing really good they must give the makers sufficient time to 
make it, and also they must understand that the price would be 
affected. For work of this character there must be no rushing 
for fear of losing an order. For the author’s methods to be applied 
to general foundry work of, perhaps, a less specialised character, 
it would be necessary for concerted action to be taken by all 
founders, and production engineers must play their part in making 
that fact well known. 

Mr. F. Skrpwortu said it seemed to him that the suggested core 
binder of thirty to one would make a very hard core for aluminium 
alloys. With regard to RR.50, it seemed to him that it was im- 
portant to have the risers on the heaviest part of the castings. 

Mr. H. E. Weartuervey asked for information as to the corro- 
sion resistance of the new alloy as compared with other alloys. 

Mr. G. P. TrnKER disagreed with the author in the suggestion 
that there are greater risks of overheating with the electric furnace 
than with the oil-heated salt bath. If attention was paid to the 
design of such details as the heating element—the rating should 
be kept small—keeping the heating elements as far as possible 
away from the rods and circulating the air violently, then there 
was very little risk of overheating in the electric furnace. It 
appeared from the paper that the author had tried the electric 
furnace, but with not very satisfactory results. Perhaps the furnace 
was not well designed for the particular purpose. At any rate, he 
himself knew an electric furnace working on this type of heat 
treatment very satisfactorily. The running costs of the electric 
furnace varied according to the charge for current, but at three 
farthings per unit, which was quite a common figure, the electric 
furnace ran the oil-fired furnace very close in this respect. As to 
maintenance costs, the maximum temperature inside the electric 
furnace would probably be in the region of 5500, and at that tem- 
perature the life of the parts was very long. The life of the heating 
element, properly designed, was everlasting at that temperature, 
whereas with the oil-fired salt bath the author had mentioned 
that_the brickwork had to be renewed every two months, which 
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was not only very expensive but very inconvenient. 

Mr. B. C. Summers asked the author for some relative figures 

of the machining qualities of the RR.50 alloy, as compared with 
*Y” alloy. 

Mr. G. Horn commented on the wide range of the figures of 
composition of the RR.50 alloy, and at the same time asked whether 
it was the presence of titanium—an unusual element in such alloys, 
that gave the alloy the special properties that had been mentioned. 

Mr. E. J. Jones asked whether it is possible to machine castings 
or stampings in this new alloy straight to the finished size without 
further work, or whether it was necessary to break the skin and then 
leave them for a time without continuing machining. 

Mr. C. C. FeRGusoN asked whether the new alloy will die cast 

THE AvTHOR, replying to the discussion, said he could not give 
a definite reason why RR.50 alloy will cast without chills, although 
no doubt the Rolls Royce people could give that information, 
because they were really responsible for the material. It seemed 
that the “ Y ” alloy solidified more quickly than the other alloy, 
and therefore was trapped in a pasty state before being filled by 
the risers and runners. The solidification and contraction of the 
two materials were about the same, but this question was being 
carefully investigated in order to find out the reason. It had been 
given over to outside investigators for this purpose. In reply to 
what Mr. Handforth had said, he would remark that from the 
commencement of the business it had been made the rule that the 
metallurgists and the laboratory should rule the factory and run 
it. Whilst he could say that the works had been successful, that 
was due solely to the great assistance and information that had 
keen given by the people for whom the work was done. With 
regard to the request for information by Mr. Mortimer as to sand 
casting in RR and “ Y ” alloys, although figures had been obtained 
which showed the RR alloy to be weaker in places than “ Y ” 
alloy, the stresses in the ‘ Y ” alloys where chills were used were 
very great, and on the whole RR alloy was much the better. The 
results with “ Y ” alloy generally were not so consistent as with 
RR alloy. With regard to the point raised by Mr. Shewan as to 
being able to take a test on one connecting rod as indicating that 
all the remainder of a batch were satisfactory, that could be done 
provided the conditions were the same, and it was by the applica- 
tion of laboratory methods that this could be ensured. Whilst it 
might be true that the methods described involved more cost, in 
the long run they saved money because it was found possible to 
get forty good castings out of forty casts, and thus there was great 
saving in waste. The practice was to test ingots and scrap at the 
ingot stage, thus saving a great deal of work which might otherwise 
be done and wasted. By adopting these methods it would be 
found they were not so costly as might appear at first sight. Another 
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speaker had referred to a core binder of thirty to one making a 
hard core, but actually that proportion was decided upon by the 
firm manufacturing the core binder. It was very difficult to 
say generally where a riser should be put, and that was left to the 
laboratory to determine in every case. As to corrosion resistance 
of RR.50, the only information he had on this point was that 
furnished by the Rolls Royce Company, and they were making 
their cylinder heads in this material. There is an iron rod near the 
water line, and although a car had been running for a considerable 
time there was no evidence of corrosion. At the same time, he was 
not prepared to recommend the material for corrosive conditions 
until very thorough tests had been carried out, and these took a 
long time. With regard to Mr. Tinker’s remarks on the use of 
the electric furnace, the electric furnace had been used with success 
on small * Y ~ alloy parts, but he was not aware that it had been 
used successfully with large castings. As a matter of fact he was 
not so opposed to the use of the electric furnace as Mr. Tinker 
had suggested. In the matter of running and maintenance costs, 
the facts were easily in favour of the electric furnace, but the 
initial outlay was very much higher in the case of the electric 
furnace. At the same time, the electric furnace was very much 
more convenient, and he would put in an electric furnace to replace 
his oil-heated salt baths to-morrow if he thought they would do the 
job as well. “ Y ” alloy was one of the easiest metals to machine, 
but RR alloy was a more difficult material to machine. The cutting 
rakes of the tool needed to be more than in the case of “* Y ” alloy. 
Practically the same rake as was used for mild steel was necessary, 
but all the machining troubles had been got over by the Rolls 
Royce Company. who were now using the material exclusively. 
The effect of the addition of titanium was that it acted as a cleanser. 
As to die-casting, the material was very easily die-cast, and the 
Rolls Royce Company, when going over to this material, had not 
found it necessary to make any alteration to their dies. He himself 
had done some die casting, and found it advisable to make the 
runners and shrinkage pads at least 30 per cent. greater than for 
ordinary alloys. Generally, in die casting there was a tendency 
to keep the runners and risers and shrinkage pads on the small 
side for reasons of expense. 

Mr. BRrRoapBEnT asked if the new material was satisfactory in 
bar form. 

THE AvTHOR said that up to the present there had been no 
extrusion, but from experiments he had carried out, he had every 
reason to believe that extruded bars would be satisfactory. Hitherto 
all the material in bar form had been forged. Experiments were 
also going on with rolling, and he hoped to be able to give some 
information with regard to these points later. 

THE CHAIRMAN, commenting on the remark of Mr. Handforth 
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that the production engineer looked upon the metallurgist as a 
nuisance, said that it was not the case to-day. It might have 
been so some years ago, but the production engineer was now being 
educated to appreciate that the success of his work depended just 
as much upon the work of the laboratory and the metallurgist as 
on his own efforts. It was being appreciated how necessary it is 
for all concerned in production to co-operate together if the best 
results were to be obtained, and he thought it could be said that 
production engineers were realising more and more what a debt 
of gratitude is owing to the metallurgist. He wished the author 
every success with the new material which he had spoken about 
in such an interesting manner. 

On the motion of Mr. N. Gerard Smith, seconded by Mr. A. 
Butler, a hearty vote of thanks was accorded the author. 











ELECTRIC HEAT TREATMENT FURNACES. 


Paper presented to the Institution, Coventry 
Section, 8th January, 1930, by A. G. Lobley. 


HE interest which is being taken in Electric Heat Treatment 

I Furnaces in this country has increased very greatly during 

the past few years, I might almost say months. This is 
undoubtedly due to the growing realisation that improved heat 
treatment methods are essential to modern industry, and that in a 
great many cases this can be obtained by means of electric furnaces 
with greater certainty and convenience than with other types. 
Moreover, in no industry is this the case more than in the auto- 
mobile industry, where every time the metals used must have the 
best mechanical properties possible. 

The fact that for some years past the American automobile plants 
have made great use of electric furnaces and continue to do so to 
an increasing extent has possibly also had some influence on 
engineers here. 

The two primary advantages of the electric furnace are exactitude 
of control and flexibility in the broadest sense. The former means : 
—(1) control of temperature in distribution of heat in the furnace, 
great uniformity of temperature or any required gradation ; 
(2) automatically controlled temperature, either constant or a 
specified rate of change of temperature ; (3) control of furnace 
atmosphere ; (4) Elimination of the human factor. 

Whilst flexibility makes it possible to adapt the design of the 
furnace and charging arrangements to the nature of the process 
and to place the furnace exactly where it is required, i.e. in the line 
of flow of material. 

In works practice, these points mean :— 

(a) Uniformly high quality of output, with elimination of rejects ; 
(6) stabilised quantity of output; (c) Reduced labour charges ; 
(d) cleanliness of working’ conditions : (e) reduction in costs in sub- 
sequent processes : (f) saving in floor space: (g) greatly reduced 
fire and accident risk. 

Directly and indirectly, all these points mean financial gain and 
undoubtedly it is these points that have led to the rapid growth of 
the use of electric heat treatment furnaces. Nevertheless it is not 
always easy to assess the exact influence of these advantages on 
works costs, or to convince those who have had no experience of 
electric furnaces of their value. For this reason, therefore, the 
prospective user naturally stresses, and often overstresses, the 
question of direct running costs, by which [ mean the cost of the 
electrical energy used. 
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Until quite recently advocates of electric furnaces in this country 
were faced with the firm belief that the direct running costs must 
necessarily be much greater than with fuel fired furnaces, and 
whilst this idea has now been badly shaken there is sufficient of it 
left to justify my dealing with the question in some detail. 

In the first place it is often pointed out that the cost of energy 
from different sources varies greatly and that electrical energy is 
the most expensive. Let us examine that :— 


Cost per 
Quantity per Gross Therm 
B.T.U.’s Therm. (in Pence). 
Joal (or Coke) 13,000 per Ib. 7.7 lb. @ 25/-ton ... ... 1.08 
Fuel Oil 19,000 per Ib. 5.3lb.@4d.gall.  ... ... 2.35 
Producer Gas 150 per cu. ft. 667 cu. ft. @ 4d.1,000 ... 266 
Coal Gas 475 per cu. ft. 210 cu. ft. @ 2/61,000. ... 6.31 
Electrical 
Energy 3,412 perrk.wh. 29.3k.wh.@ 6d... ... 17.5 


Actually, the comparison is fallacious, or at least incomplete 
in that the costs per therm do not deal with energy in equally 
accessible states. Whilst in the case of electrical energy all can be 
converted into accessible heat, that is not the case with the energy 
obtainable by the combustion of fuel. 

Perhaps this point will be realised best if for the moment we 
ignore electric heating. If, as some of my friends amongst the 
gas and oil advocates appear to assume, this table is of much value, 
then gas and oil have no chance whatever against coal. We all 
know, however, that gas and oil do successfully compete against 
coal, and do so on the very points in which electricity is superior 
to all. In a crude sense we may regard these various sources of 
heat as ranging from the raw material to the finished product, 
and the more refined the product, the greater the percentage of heat 
which can be usefully used. 

If the efficiency percentages of the different types of furnaces 
and processes are applied to these figures, the results are very 
different, making the costs much more nearly alike, though coal 
and coke still remain, in most cases, much the cheapest. In nearly 
every case the electric furnace is at least three times as efficient 
as other types so that even in direct costs it cannot be assumed that 
it is the most expensive. I have not made out a table with these 
corrections applied, for generalisations are to be avoided. Every 
case must be taken separately, for the efficiencies of all furnaces vary 
considerably with the process involved. 

This can best be explained by taking an example. Let us com- 
pare the cost of heating, by gas and by electricity, a charge up to 
a given temperature, and maintaining it at that temperature. For 
this comparison I will take the average efficiencies of a modern 
furnace in good condition. 








18S THE INSTITUTION OF PRODUCTION ENGINEERS 


| give as an illustration the case of two furnaces, an electric 
furnace of 110 k.w. rating and having a hearth 3 9” x 7 0” and 
a similar gas furnace. The costs are based on electricity at 0.6d. 
per unit and gas at 2s. (id. a thousand (or 0.5d. and 2s. Id.). By 
the time the charge is heated through, the cost is practically the 
same, but the maintaining cost is lower with the electric furnace. 
The gas furnace on which these results were based was a recupera- 
tive one of the latest type erected in 1928, and since improved. 
As a result of competition from the electric furnace a very much 
improved gas furnace has been made which is said to maintain at 
about 250 cu. ft. per hour instead of 450 cu. ft. Even at the 
reduced rate the maintaining cost is more than with the electric 
furnace, with above prices of energy. 

It will be seen from these figures that whilst the consumption 
of electrical energy is heavy at the start, owing to the rapidity 
with which heat can be forced into the furnace, it is very small 
during the maintaining period. The low consumption required 
to maintain the temperature or balance the heat losses is due to 
the fact that it is possible to heat insulate the furnace very effi- 
ciently, and there is no other way for the heat to be lost. Im a 
fuel fired furnace, there is the additional (and usually considerable) 
loss up the flue. 

It might be thought from these figures that in operations, such 
as reheating, where the charge has only to be brought up to tem- 
perature and not held there, that gas would then be in a superior 
position regarding costs. Actually this is not the case, partly 
because gas reheating furnaces have not usually as high an effi- 
ciency as the example shown and partly because the loads are 
usually lighter. 

These comparisons are general and not specific. I propose to 
give a few actual examples of costs later on. The points I wish 
to make clear now are: firstly, that it is useless to compare the 
costs per gross therm, what matters is the cost of the heat that is 
usable, that is per net therm. Secondly, that on the net therm 
basis, heat obtained electrically is not necessarily the most expensive. 
Thirdly, that the relative costs depend on the type of process and 
that whilst in one case electric heat may be expensive, in others 
it may be the cheapest. There are cases where it is cheaper than 
coal in spite of the great advantage coal has in its low cost per 
gross therm. Lastly, the fuel or electricity costs should not be 
stressed too much, as in most cases where quality is of importance 
the value of the other advantages is far greater. 

Having dealt very briefly with the reasons for the adoption of 
the electric resistance furnace, I propose to give an outline of its 
development. As everyone knows, the development commences 
with the ordinary laboratory muffle or tube. In the earliest days 
these were wound with platinum wire or ribbon, obviously an 
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expensive method—nickel was tried but has the fault of soon 
hecoming very brittle. It was not until the nickel-chromium-iron 
alloys were introduced, some years before the war, that much 
advance could be made. This alloy withstood oxidation well, 
did not become brittle, and had a high electrical resistance. Later 
on, nickel-chromium (usually 80 : 20) without iron was introduced 
and this is much more resistant to oxidation, and may be used up 
to 1,100° C. This alloy is almost universally used to-day by electric 
furnace makers. The next question, is how to use it as a means of 
converting electrical energy into heat. The early small muffles 
and tubes (and indeed, modern ones) were wound externally with 
the wire or ribbon. This is, of course, a very neat and convenient 
method, but is not one which lends itself for use with large furnaces 
mechanically it cannot be applied (in that form) where the furnace 
is too large to be made in one unit, renewal usually means renewing 
the muffle itself, or at least removing it; and lastly the heat has 
to pass through the muffle material. The first two points speak 
for themselves, but methods of mounting external or semi-external 
resistors have been evolved in which renewal is easily effected. The 
last point, however, is of more importance. 

In the case of the laboratory tube, the rate of heating is slow and 
when up to temperature only a small amount has to pass through 
the walls. The industrial furnace is different, heat must be passed 
in at a comparatively rapid rate, the larger the furnace, the greater 
the required rate owing to the reduced proportion of wall area to 
furnace volume. Let us take an example of a muffle wall only 
half-an-inch thick (much thinner than is possible with anything 
but a small one), and assuming that wall to be of firebrick, with 
the external resistor passing-in heat at 10 watts per sq. inch, there 
is a large difference of temperature between the resistor and charge, 
chiefly owing to the temperature gradient through the wall. With 
10 watt loading an internally placed resistor only could be 65° C. 
above a charge at 800° C., or 45° C. above a charge at 1025° C. 
These figures are approximate and depend on relative surface 
areas, and nature of the surface. Actually, when the charge is 
nearly up to temperature the rate of heat imput is reduced (usually 
automatically) so that the difference of temperature may be much 
less but this affects both methods in equal proportion. On the 
other hand, quick heating of the charge is often necessary and 
loadings in practice may much exceed 10 watts per sq. in. In 
vitreous enamelling, for instance, one of the advantages of the 
electric furnace is the heating may be more rapid than by any other 
means, and this rapidity can only be achieved with internally 
exposed elements. 

Whilst the elements or resistors, in the case of large furnaces 
cannot be external, there are considerable differences of practice 
between different makes. Various degrees of muffling or shielding 
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lie between the extremes of the completely open resistor free to 
radiate in all directions and the element completely covered by 
some refractory shield. As many of you know, I personally believe 
inafreeradiatingelement. Theshielded resistor is protected from acci- 
dental damage and undoubtedly is neat, but low loadings per unit of well 
surface are essential in order to prevent overheating of the element. 
In many cases low loadings are sufficient, particularly in small 
furnaces, but as a general practice I prefer a method which enables 
the highest possible rates of heating to be used when necessary. 

Another point is the different temperatures which exist between 
an open resistor and in a charge with different rates of heat ex- 
change. Radiation follows a fourth power of temperature law so 
that the higher the temperature of the furnace the smaller the 
temperature differences. These differences (with 10 watt to the 
sq. in. loading ranging from 115° C. at 700° C. to 65° C. at 1000°C.) 
are maximum differences for that rate of heat exchange. A fur- 
nace can, however, be controlled by the temperature of the resistors 
or a point near them so that no part of the furnace can exceed a 
set temperature. The charge will gradually rise to that tempera- 
ture, the rate of heat exchange falling off. 

There is a large number of different types of electric furnaces 
but there is not time to review them all. In general they may be 
classified into batch and continuous types, though the line of 
demarcation is not sharp. 

The first | refer to is a section of box type furnace adapted for 
use with a charging machine. In this particular furnace, the 
resistors, which are of strip, are supported by a patented method 
on nickel-chromium hooks. In this way not only is radiation 
completely free, preventing the “hot spots” which may occur 
when the element is supported on refractory, but all risk of inter- 
action between the element and the refractory is avoided. In 
practice, failure of heating elements is almost entirely due to 
interaction, particularly in the presence of reducing gases. The 
elements are mounted on all six sides of the furnace, that is the 
sides, roof, hearth, back and on the door. The latter is a unique 
feature and eliminates the cool area near the door. The door is 
not of the usual sliding type, but operate with a special parallel 
motion (which is the subject of a patent). This method gives a 
tight seal without clamping and makes it possible for part of the 
door to socket into the opening, this being especially useful when 
heating elements are mounted on the door. 

(Here the lecturer showed a number of slides of installations and 
gave a short description with each, illustrating batch type furnaces, 
rotating annular hearth, pusher, roller hearth, and revolving drum 
types. The counterflow principle of heat exchange was shown. Other 
slidesdealt withan install: tion of 32 furnaceseach of 140 k.w, installed for 
the heat treatment of forgings at the Dodge plant, capacity 200 tons per 
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day ; and with a revolving drum furnace of British design for annealing 
small brass pressings and stampings which makes use of a new and 
patented method of recuperation, probably. the lecturer said, the 
most efficient furnace made.) 

A few specific instances of costs may be of interest. At Messrs. 
Moss Gear Co., carburising, including periods of ten to sixteen 
hours, is being carried out with a fully loaded furnace, at approx. 
6 lb. per unit of gross load, or under 0.1d. per gross lb. over the 
whole week including starting up. A short period test on the 
rotary annular hearth furnace gave a figure of 11 lb. per unit. 
Messrs. David Brown and Sons, Ltd., report that the consumption 
with the small portable type when reheating is 7} lb. per unit when 
operating days only, but when working sixteen hours a day was 
9 lb. per unit. This figure includes starting up and is over a period 
of months. They further state that these costs are less than half 
their previous costs with gas and that although the gas furnaces 
were not very modern the gas was cheap, being producer gas of 
150 calorific value at 5d. per 1,000 cu. ft. Messrs. Riley (Coventry) 
Ltd., state that they have tested a very small electric furnace 
(hearth 20” x 12”) against a gas furnace (hearth 60” x 36”) and 
find that the cost when carburising over a period of 120 hours was 
2.1d. per net lb. in the case of the gas and 0.94d. per net Ib. in the 
electric furnaec. These calculations were based on gas at 2s. 11d. 
per 1,000 cu. ft. and electricity at 0.75d. per unit. 

These are only a few examples, but show what can be done. An 
important point is that the electric furnace can be relied on to 
continue the same efficiency and that the efficiency does not depend 
on the operator so long as he puts the proper load in the furnace, 
but at the same time since only the heat actually required is put 
into the furnace, the underloading or standing idle has not so 
marked an effect on the efficiency as it has in the case of a fuel- 
fired furnace. 


Discussion. 


Mr. E. W. Hancock, in opening the discussion, said: I would 
like to thank Mr. Lobley for his instructive and interesting paper. 
He has carried us through this subject, in such a manner as to 
leave the discussion perfectly open, both in regard to the question 
of construction and running costs. In the paper, there were two 
points in regard to the use of electric furnaces, which struck me as 
being of the utmost importance, these being, firstly, the question 
of control, and secondly the saving of indirect costs. In regard 
to the first point, namely, that of control, there is no question that 
consistency of product should be the object of all production 
methods, and it would appear, that the control of an electric furnace 
has much to commend it. With regard to the second point, namely, 
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that of saving of indirect costs, too often can one see local efficiency 
with very little regard to general effciency. 

The actual efficiency of any piece of plant, as such, must of 
course be considered, but this should always be taken in relation 
to other costs. Mr. Lobley gave us an example of this in one 
particular instance, where a gas furnace was replaced by an electric 
furnace, and although the electric furnace, as such, did not show 
any considerable efficiency over the gas furnace, the electric furnace 
was able to be placed in direct line with the flow of material, thereby, 
saving considerable time and apparently justifying the installation. 

If the electric furnace has definitely the advantage over the 
gas furnace of being mobile and free to be placed in the flow of 
material, then the savings that are likely to be made by cutting 
down material in process is a very important factor. This question, 
introduces the major question of the layout of works, as, proper 
attention given to the disposition of functions with a view to 
cutting down material in process, can be just as profitable as spending 
much larger sums of money on the most efficient pieces of machinery. 
With reference to Mr. Lobley’s remarks regarding American in- 
stallations of electric heat treatment furnaces, | was fortunate in 
seeing a Contra-flow furnace in operation in the Hudson-Essex 
works in 1926. This furnace was used for carburising, and a 
system of filling the boxes and carrying them to and from the 
furnace was certainly an indication of the possibilities of the appli- 
cation of cost saving to this particular process. I would again 
compliment Mr. Lobley upon his paper, and declare the meeting 
open for discussion. 

Mr. Boote: I think we must all be impressed with the import- 
ance of this subject which is of particular interest to the automobile 
industry. Our Chairman has referred to the adaptability of elec- 
trical furnaces and to their being placed in the flow of material 
passing through the shops, a matter which is deserving of more 
attention now. I remember the time when we used to have a heat- 
treatment shop somewhere down at the bottom of the yard and 
well do we remember the congestion there used to be there. If 
the introduction of the electrical furnace only removes such con- 
gestion then it will be well worth while. Electricity is a cleaner 
method and I also think that the direct costs are less. I would 
have liked the lecturer to have given us a little more definite in- 
formation as to the thermostatic control of these furnaces, par- 
ticularly those of the rotary type where there are three zones. 
He has said that they are separately controlled, but I would like 
the lecturer, if he has handled the apparatus himself, to tell us a 
little more about that. I gather that a pyrometer is used in the 
ordinary way. I noticed on the screen that one of these furnaces 
had rollers in the floor. We wonder whether the tunnel furnace 
of the pusher type had rollers in the floor, and whether there is 
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any particular difficulty about the use of these rollers. 1 have 
recollections of rollers of cast iron which were always jamming 
and gave wo end of trouble until replaced with rollers of nickel 
alloys. I should like information on that point, also just a word 
or two as to “lagging’’ or heat insulating materials. He said 
that 43” was used as it was quite a small furnace, but some had 
15” or 18” walls, which seems to me rather a large amount. [ 
should like a little definite information on that point. 

Mr. Lostey: The Chairman’s remarks I do not think call for 
any special comment. With, regard to the remarks of Mr. Boorr, 
first of all as to the question of control, the reason I did not go 
more fully into that point was that the subject, in fact the whole 
subject of electrical furnaces, is a large one and I had to miss out 
a lot. Although I missed out a great deal, only skimmed the 
surface in fact, I have exceeded my time. A good many systems 
of control are used, the principal one being the thermo-couple with 
an indicating instrument of the millivolt-meter type. When the 
heat reaches a set point the current is switched off, after a time the 
temperature will begin to fall, and so sensitive is the instrument 
that after a drop of a matter of a degree or so, the current will be 
switched on again, and so we have various ratios, of “on” and 
‘ off * periods dependent upon the heat requirements of the charge 
in the furnace. Mr. Boote speaks about the rotary furnace. So 
far as the electrical question is concerned this is three furnaces 
placed one after another, each with its own thermo-couple, and 
each with its own heat control. A continuous furnace, whether 
rotary or tunnel, should be in sections, otherwise you will not get 
perfectly even control. Regarding the question of rollers, yes, in 
the pusher-type of furnaces there are rollers, and in most cases 
the charge would be pushed through the furnace on the rollers 
which were about 4” in diameter carried on nickel chromium alloy 
supports, and cast in nickel-chromium alloy. This enables much 
lighter pots to be used than would be possible in a box furnace. 
On the question of insulation, I have always advocated very heavy 
insulation, in some of the furnaces I have had to do with there has 
been as much as 22” of the highest quality silocel (ie. a special 
form of diatomite earth, or kieselguhr). In many cases 16” to 18” 
is employed, 9” or 12” may be taken as an average and in small 
furnaces much less, though even in small furnaces we often go to 
6” or 9”. s 

Mr. Swain: We have heard quite a number of points on the 
advantage of the electric furnace. I should like to know whether 
there are any disadvantages at all (when compared with gas fur- 
naces). I don’t suppose that they have got to a state of absolute 
perfection. As regards cost, we have heard nothing about the 
first cost. A modern gas furnace of 24 x 18 x 12, would probably 
cost about £60, what would a similar electric furnace of the same 
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size cost? In the electric furnace catalogue of a London firm they 
are working on the calorific value, and give the ratio of cost as 
42 for the electric, seven for gas, and two for coal. I can see that 
the efficiency of gas over coal would probably be 3} to She, but the 
efficiency of 20 per cent. to 60 per cent. for gas and electric furnaces 
respectively given by the lecturer would only account for three to 
one, and not the six to one obtained when using these factors. 
In an engineering discussion at Birmingham a year ago at which 
our lecturer was present, Dr. H. W. Brownsden gave some figures 
showing that the cost of annealing by means of an electric furnace 
would be about 5s. per ton while for coal annealing it was ls. per 
ton which was taking all running costs into consideration. As to 
the comparative cost between gas and electricity I think most of 
that has been done with old gas plants which have been in use in 
factories for about ten years. Therefore, it is probably not giving 
a true comparison. The electric furnace people were probably 
watching their own plant to see that no points were missed whereas 
with the gas greater efficiency might possibly have beer obtained. 
The atmosphere, I am told, is slightly an oxidising one with the 
electric furnace such as need not be found with gas or coal. From 
one of the curves shown on the screen it would appear that for 
carburising electricity does not show an advantage until after five 
hours. There are not many articles in a motor car which require 
to be in the furnace for a much longer time than this. One can 
easily see from these curves, however, how electricity is the only 
fuel for the new process of nitriding, which takes up to ninety 
hours. In his lecture the author has only dealt with large produc- 
tion, production in some cases much greater than that obtained 
in this country. For small firms, such as we in England possess in 
large numbers, much more careful thought must be given to the 
merits of gas and electric furnaces. Personally, I think that for 
small firms using small furnaces for eight hour day runs gas is still 
the most economical fuel, especially as the advent of electric fur- 
naces has dusted the cobwebs from the brains of gas furnace 
designers. 

Mr. Losey: The last speaker has given me rather a collection 
of little things which if I went into very completely would keep 
you too long. I do not think it is for me at this stage to say whether 
there are any disadvantages, but certainly I will agree that there 
are plenty of improvements still to be made; it would be very 
foolish to say one has reached perfection, in fact 1 don’t think one 
has reached perfection in anything. As regards first cost, certainly 
an electric furnace is more expensive in first cost, but in a well- 
designed furnace its maintenance costs should be much less. The 
instance given here of a small furnace, but it is with a small furnace 
that electricity shows up worst in first cost. Although I don’t 
know of one of that size, off hand, I should say it would with all its 
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equipment cost about three times the figure he gives, complete with 
automatic control gear. I am afraid I do not follow the figures he 
gives as to the ratio of costs and materials given by somebody else, 
but if they were generalisations regarding costs of different methods 
of heating then I don’t associate myself with them because I don’t 
consider that generalising is worth much. It all depends upon 
circumstances because in one case an electric furnace can be ten 
times as efficient as a fuel furnace, whilst in another it might be 
three times. It is perfectly true that in many cases people have 
compared old furnaces with new electric ones. However, I men- 
tioned a case where the gas furnace was one of the most modern 
type, erected about three or four months before the electric one. 
When speaking of control of temperature [I mentioned that with 
the electric furnace bright parts could be annealed through the 
introduction, for instance, of pure hydrogen, a condition which 
could not be obtained in the zas furnace where only semi-bright 
could be obtained. 

Mr. GoLBin : My question is partly answered by the last remark, 
but I should like to know whether an electric furnace is better for 
hardening steel, or case-hardened steel which is polished and 
which has a mirror surface. Which would be the better furnace, 
the electric furnace or the gas muffle, in the lecturer’s opinion ? 

Mr. Losey: That is not an easy question to answer without 
knowing details of the process quantities, etc., and so I do not find 
myself able to give a very direct answer about that. It is quite 
possible to carry out that job, but it is quite possible also that if 
the work is in small quantities it would be better to use gas. 

Mr. A.J. Arers : With reference to Mr. Swain’s query the follow- 
ing particulars will no doubt be of interest. In the tests compari- 
sons were made between a small electric and a large gas furnace. 
The latter was new, and had only been in use a few months. At 
first gas was used, but later a gas and air mixer was installed which 
delivered the mixture at a constant pressure. and it was found 
that 20 per cent. was saved in the fuel bill. It will therefore be 
seen that the advantage lay with the gas furnace, but our tests 
showed that the electric was cheaper to run, as fuel costs were 
half that of the gas furnace. Besides this important advantage 
electric furnaces are easier to run, as they are automatic, and less 
labour is required. Would Mr. Lobley give us further informa- 
tion with regard to tunnel furnaces, namely what amount of 
material is necessary before a tunnel type of furnace is economical 
and also if he would recommend this type for eight hour daily runs 
as against continuous. The lecturer illustrated furnaces heating 
large coils or masses of metal. Would induction types of furnaces 
be better for this kind of work. Lastly, I should like to say how 
much I have appreciated the lecture. 

Mr. Losey: I must thank Mr. Aiers for pointing out more 
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features of the comparison at Messrs. Riley’s which makes the 
position still more favourable for the electric furnace. The ques- 
tion as to what is an economical size of tunnel furnace cannot be 
answered without knowing the nature of the work for which it is 
to be used, there being a definite relation between the size of the 
boxes and the size of the furnace: if you can have smaller boxes 
you can have a smaller furnace. Experiments have been made 
with induction heating, but there are many difficulties, the greatest 
being that of control. You heat the object right through very 
rapidly but you have not the same ease of controlling the tempera- 
ture. These induction furnaces are very expensive and the effi- 
ciency is not high, because you have losses on the electrical side as 
well, and generally speaking these cannot, at the moment, compare 
with the efficiency of the resistance furnace. 


Mr. THompson: On the running of electric furnaces; I have 
run an electric furnace myself against gas furnaces and one advan- 
tage is the big difference in control in the case of the electric furnace. 
For instance in annealing malleable castings you can set the tem- 
perature at the desired point for a matter of four or five hours. 
You can set your indicator and leave it for that time. Taking it 
at, say, from 1,000 to 800, set your indicator say at 800 and let 
it run for another three hours and when that period has gone you 
set it again at what you want coming down to 700 or 750 and let 
it run for one or two hours leaving it alone until that time is up then 
shut off your current. Compared with a gas furnace an electric 
furnace is much easier to control because with a gas man must be 
there and he must watch it very closely. The electric furnace 
control was simply child’s play in comparison, it was a much cleaner 
job with electricity than vith gas and I do know that the costs 
with electric furnaces are much cheaper than with gas. 

Mr. Losey: | must thank the last speaker for his remarks. 
If he wished he could have an attachment to the control apparatus 
for automatically increasing or decreasing the temperature and 
so get rid of the man having to go to the furnace at set times. 

Mr. Oram: I appreciate Mr. Lobley’s lecture but there is one 
point on which I am not quite clear. I rather gather that when 
enclosed heaters are used it was not possible to get quite such high 
efficiency. From the description of the carburising furnace it 
appeared that although the temperature was very high at the start 
the charge was not capable of absorbing that temperature quite 
so rapidly as the temperature of the furnace rises. With regard 
to the electric furnace compared with solid fuel types, the electric 
furnace becomes even more efficient in running costs when one 
considers the handling, storage charges where coal is concerned, 
and where ashes have to be removed after use. No mention was 
made of high-speed steel. I can say from tests carried out that 
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with an electric furnace this was quite as efficient, if not more so, 
than with a gas furnace for similar purposes. 

Mr. Losiey: The first remark was about enclosed resistors. 
I think the speaker misunderstood me there, I did not say that 
the efficiency of the furnace would be improved, the main point 
was whether a high rating was needed. In carburising it is quite 
true that the charge does not take up the heat very rapidly but 
the furnace I illustrated was not very highly rated. The question 
has arisen in connection with vitreous enamelling as to the advan- 
tages of employing an electric furnace on work where the moment 
your charge is heated up you whip it out again. When I was in 
the States 1 was particularly anxious to find out how it was they 
favoured electric vitreous enamelling over oil. At one place where 
they were using electric furnaces for vitreous enamelling I was told 
that this reduced rejects very much. I told them that the people 
here said they had no rejects in vitreous enamelling, and their 
reply was: ‘they are not telling the truth then.” The principal 
advantage with the box type furnace which was first introduced 
was that they could heat the charge at a higher rate than any fuel 
furnace could do, it occupied much less space, and the labour costs 
were reduced. Now that they have developed the continuous 
furnace, the costs are very much less. In the States I was told 
that the electric furnace was three times as expensive in fuel as any 
other way ; I said: ‘‘ Why do you use it then ? ” and they replied : 
* because it is much cheaper, taking all costs in.” I think a very 
high rating could only be obtained with an exposed resistor, but 
there are plenty of cases where a low rating is quite in order, and 
from a manufacturers’ point of view I should not wish to build 
one type for one process and then change over to another type of 
element for another process, since the exposed element can do the 
lot. The last speaker referred to the cost of handling coal as 
compared with the use of electricity, | may add that with coal you 
have also a stack and must consider the space taken up and the 
general nuisance. With regard to high-speed steel furnaces | 
did not mention these because I have taken up so much time but 
I might have shown on the screen a slide which shows that the 
higher the temperature the greater the advantage to the electric 
furnace. I think it is perfectly easy at such temperatures to beat 
gas firing ete., on cost, and | certainly support Mr. Oram’s conten- 
tion there very strongly. 

Mr. Cuuss: I have listened to Mr. Lobley, and thoroughly 
enjoyed his lecture. Might | add a few words in support of the 
gas furnace. I wrote an article which appeared in a certain 
engineering journal claiming certain advantages, both technical 
and commercial, for the electric furnace, but at the same time, I 
am sorry to say, it created a suggestion of a certain amount of 
intrigue. This comparison was made with gas furnaces which 
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were only a few months old. To my mind the gas furnace could be 
just as efficient and as cheap as an electric furnace with regard to 
running costs, provided you have someone there to look after it 
and that merely emphasises the need for reliable automatic control. 
We at the Moss Gear Company have just fitted an automatic 
control which bids fair to equal anything else of this kind, but 
there are several snags. First you must control your primary and 
secondary otherwise with your injections you may either blow the 
furnace up or else soot it up which is just as bad. Another dis- 
advantage is that there is no control for the distribution of heat, one 
part of the furace can be hotter than another, but I think we are 
of a progresive turn of mind at the Moss Gears and we may be 
able to get over these difficulties. 

Mr. Lostey: It is a matter for regret that we have not had 
representatives of the gas side here, I should have liked to have 
heard some of their points. Mr. Chubb has felt that he must do 
what he could to hold matters up from that side, but in this he 
does not seem to have done much towards it. The gas furnaces 
which have been put in at the Moss Gears have given greatly im- 
proved results but I have yet to see that they have beaten the 
electric in the costs figures which have been published recently. 
In fact the cost figures were distinctly unfair in three particulars. 
In the first place the gas furnace was watched throughout by an 
expert, but his time and costs were not brought in. One of the 
troubles with all fuel furnaces is that they fall off, whatever their 
earlier efficiency ; that is not the case with electricity. These gas 
furnaces were run under the best possible conditions, they were 
brand new and they were expert controlled. Another point was 
that the test was made on a load which suited the gas furnaces best, 
because even though they might have got better figures if they had 
put a bigger charge in they certainly would not have got as good a 
distribution of heat. The same size charge was put in the electric 
furnace, which was capable of dealing advantageously with a bigger 
charge, and if this bigger charge had been put in we should have 
had a figure which would have been much better for the electric 
furnace. The third point is that while gas was quoted at the 
current price paid the electric was based upon a price paid some 
time before, whereas there had been a drop of something like 
15 per cent. in the price of current. On the question of control. 
You can control a gas furnace just as exactly as an electric furnace— 
all the furnaces I saw in the States were automatically controlled— 
but the distribution of heat was another story, you can control 
the temperature at the thermo-couple, but is it the same all through ? 
Although you are controlling the heat pretty closely at one point 
your distribution may not be right. Electric furnaces have suc- 
ceeded and are rapidly supplanting gas and oil fuel furnaces in the 
United States, although prices are not so much in their favour 
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there. Mr. Chubb did not mention one point, you can put a charge 
into the electric furnace and know that the temperature is correct 
all through in proportion to the thickness of any given part; you 
can’t do that with the gas without taking out a sample. 

Mr. MircHett: Would the lecturer kindly tell us what he con- 
siders the highest working temperature possible without having 
non-resistance elements ? 

Mr. Losiey: It depends upon the atmosphere and other con- 
ditions. If you have non-metallic resistors you can, in special 
circumstances, go up to 1,500° C., but it may be taken that up 
to 1,300 or 1,400° is the possible range. 

Mr. Boots at the close of the discussion proposed a hearty vote 
of thanks to Mr. Lobley which was carried with acclamation. 











